Membrane topology of a cysteine-less mutant of human P-glycoprotein.
A human P-glycoprotein devoid of cysteine residues was constructed by site-directed mutagenesis for studying its topology. The cDNA for human P-glycoprotein-A52 in which codons for cysteines 137, 431, 717, 956, 1074, 1125, 1227, 1288, and 1304 were changed to Ala, was transfected into NIH 3T3 cells and analyzed with respect to its ability to confer resistance to various drugs. The cysteine-less P-glycoprotein-A52 retained the ability to confer resistance to vinblastine, colchicine, doxorubicin, and actinomycin D with only a small decrease in efficiency relative to wild-type enzyme. Cysteine residues were then reintroduced into predicted extracellular or cytoplasmic loops of the cysteine-less P-glycoprotein-A52, and the topology of the protein was determined using membrane-permeant and impermeant thiol-specific reagents. It was found that 8 of 15 cysteine residues introduced into P-glycoprotein-A52 could be biotinylated, when cells expressing the mutant P-glycoprotein were incubated with membrane-permeant biotin maleimide. Biotinylation of a cysteine residue placed in predicted extracellular loops between transmembrane segment (TM) 5 and TM6, TM7 and TM8, or TM11 and TM12 was blocked by pretreatment of the cells with a membrane-impermeant maleimide, suggesting that these residues have an extracellular location. By contrast, biotinylation of cysteine residues located in the predicted cytoplasmic loops between TM2 and TM3, TM4 and TM5, TM8 and TM9, or TM10 and TM11 were not blocked by pretreatment with membrane impermeant maleimide, suggesting that these residues were in the cytoplasm. These results are consistent with the model of P-glycoprotein, which predicts six transmembrane segments in each of the two homologous halves of the molecule.